















































































































































































those   that   had   undergone   no   post   fabrication 
treatment   except   hydrogen   firing   and   storage   in 
vacuum until use [9], typically showed a wide variety 
of surface adsorbates. Figure 3 is an example of a 





C,  O,   and  S  on  metal   surfaces   exposed   to   the 
atmosphere  and subjected  to  only  a  mild  vacuum 
bakeout (~ 200˚C), are not unexpected [10].
Adsorbate removal by heating in vacuum could 
yield   predictable   results,   see   Figure   4.   In   this 




H2O  has decreased  significantly  while   the   level  of 
CO  has   remained   essentially   unchanged.   This   is 
consistent with the fact that CO is only totally 
removed from Mo at   temperatures above ~1400˚C 
[11,12].  Typically,   longer  heating   times  (>10  h)  at 
temperatures of ~800˚C are required to clean the tip 
surface   sufficiently   to   allow   for   the   adsorption   of 
deuterium.
Future work  in  this area will  permit   the use of 
more advanced cleaning processes including higher 
temperature   hydrogen   and   vacuum   firing.   These 
techniques   are   commonly   employed   in   the 
manufacture of sealed tube neutron generators.




containing   only  H+  are   observed   from   the   as­
fabricated arrays suggesting desorption of hydrogen 
adsorbed from the residual gas atmosphere of  the 
vacuum.   When   observed   with   the   carbon, 
dissociation of some hydrocarbon species cannot be 
ruled   out.   Additional   experiments   are   being 
conducted  to determine  the source of hydrogen  in 




the   level  of   surface  contamination  present  on   the 




hydrogen   is   lower   than species such  as  H2O  and 
CO, for example.
To   confirm   the   deuterium   peak   was   due   to 













majority   of   the   signal   was   due   to   gas   phase 
















Following   the   accumulation   of   the   spectra 
associated   with   Figure   5   and   6,   the   array   was 
allowed to remain in UHV for approximately 5 days. 
After this waiting period desorption spectra at ~2 V/Å 
and   10­5  Torr  D2  were   then   dominated   by   the 
presence of CO, see Figure 7. This is not surprising 
as  CO  typically has a significant partial pressure in 
baked   stainless­steel   chambers   [14],   and   would 
accumulate   on   the   surface   at   the   expense   of 
hydrogen (or its isotopes) [12]. Note that these data 

































the   pulse   rate   and   the   amount   of   contaminants 
desorbed   from   the   tip   apices.   The   spectrum  was 
taken   at   an   operating   pressure   of   1x10­9  Torr 
(consisting   of   principally  D2)   and   the   pulse   rate 
varied from 0.1 to 10 seconds delay between pulses. 
With  monolayer   formation   rates  due   to  adsorption 
from   the   gas   phase   at   a   maximum   of   ~104  s 
/monolayer (for D2 with a sticking probability of ~ 0.1 











reasonable   that   the   observed   changes   in 
contaminant   levels   shown   in  Figure   8  are  due   to 
surface diffusion. Similar experiments[8] conducted 
at 77 K show a decreased contamination rate, also 
consistent   with   surface   diffusion   processes.   Note 
that the trend observed in Figure 8 also rules out the 
possibility   that  a  significant   fraction of   the species 
observed were produced by gas phase ionization. If 
there was a significant component due to gas phase 
ionization,   the  intensity   level  of   the  ions  observed 
would not vary with the pulsing rate.
Gas phase field ionization has been observed at 
room   temperature   at   fields   exceeding   ~2   V/Å,   in 
partial  pressures  of  deuterium.  Figure  9   is  a  TOF 
spectrum at a field ~ 2 V/Å and 3 V/Å in a D2 partial 






observed.  The   fields  predicted  using   the  onset  of 
























gas   phase   can   have   a   significant   impact   on   the 
spectra observed. Cleaning procedures such as field 
desorption and heating  in vacuum to temperatures 
of   the   order   of   800˚C   significantly   reduce   the 
observed levels of contamination. Surface cleaning 
procedures   involving   thermal   annealing,   hydrogen 
plasma   treatment   and   laser   ablation   are   being 
investigated as a means to enhance the percentage 
of deuterium ions relative to all others desorbed from 
the   tip.  Undoubtedly,   field   evaporation   of   the   tips 
themselves will ultimately be useful for cleaning the 
tip surfaces and enhancing the uniformity of the ion 
emission  from  tip   to   tip   in   the  array.  Contaminant 
species identification could be made more accurate 
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FIG 9: The observation of gas phase ionization of deuterium.  
TOF spectrum of an array in 10­5 Torr of deuterium gas at V 
= 375 V, F = 2.1 V/Å and at V = 550 V, F = 3.1 V/Å.
